Abstract. In this paper, we report the technological approach to design and implementation of variable frequency magnetic pump with miniaturization. Permanent magnet equipment is used as the piston. The two coils with the identical parameters are closely winded around two terminals of the pump. The reverse pulse current is introduced in the coils. The electromagnetic force with the same direction is applied on the piston by the coils. Then the piston is moved by the electromagnetic force. The output power of magnetic pump can be tuned by controlling the direction and frequency of the pulse circuit. The square wave circuit of LM324 is applied as the pulse circuit. The "H bridge" switching circuit is used as the drive circuit. The electromagnetic force applied on the piston is considered as the constant force. The work efficiency of magnetic pump can be improved in our work. The electromagnetic force between the uniform magnetic field and permanent magnet can be also calculated and measured by variable frequency magnetic pump with miniaturization.
Introduction
The driving force of magnetic pump is transferred by magnetic field without contacting. It has obvious advantages compared with traditional centrifugal pump, such as no potential safety hazard of media leakage, no contacting and friction, no need of special lubricant and cooling water. Besides, it has a simple structure and is easy to maintain. However, it also has some disadvantages such as low efficiency and high material and manufacturing requirements for the distance sleeve.
The piston of 'glass magnetic force piston-type pump' is made directly by iron core, while two coils are closely winded around two terminals of the pump. The current is controlled to flow through the two coils alternately by a time relay, which creating alternate attraction force to drive the piston to move back and forth. However, the following disadvantages still exist in this design. Firstly, the attraction force is relatively small because the force is inversely proportional to the square of the distance between the coil and the iron core. Secondly, as the control device, the configuration of the time relay is complicated. Thirdly, the total efficiency is relatively low. So, this design is not good enough for the popularization and application of this new type magnetic force pump.
The Configuration Design of the Magnetic Pump
In our design, permanent magnet equipment is used as the piston. The square wave circuit of LM324 is applied as the pulse circuit. Two coils with the identical parameters are closely winded around two terminals of the pump. The reverse pulse current is introduced in the both coils simultaneously. One coil produces attraction force, while the other coil produce repulsive force, which make the piston move to one side. When the current direction is reversed, the piston moves to the other side under the opposite force. The magnetic field in the pump chamber produced by the coils is uniform, and the magnetic force on the piston is constant, which can significantly improve the operation efficiency of the pump. The structural schematic diagram is shown as Figure 1 . The magnetic pump consist of pump body, piston made by permanent magnet, coil L1, coil L2, inlet and outlet of the liquid or gas. As shown in Figure 1 , the left side of the piston is south pole and the right side is north pole. The two coils with the identical parameters are closely winded around two terminals of the pump. The reverse pulse current is introduced in the coils. When the current direction is anticlockwise in L1 and clockwise in L2, the right side of L1 is south pole and the left side of L2 is north pole. According to the principle of magnetic force, like poles repel and unlike poles attract, the piston will move to the right. When the current directions in L1 and L2 change, the polarities of both coils will be reversed, making the piston move to the opposite. So, the motion direction of the piston can be controlled by adjusting the current direction, and the motion frequency can be controlled by changing the current frequency. The total power of the pump is determined by the current magnitude and the operating frequency. The liquid or gas is always inhaled from one side of the pump body and drained from the other side no matter what direction the piston moves in, so the efficiency is relatively high. The pipe diagram of the magnetic pump in the practical application is shown as Figure 2 . 
The Circuit Schematic of the Magnetic Pump
The electric circuit of this pump consists of a DC source, pulse generator, and the coil driving circuit. The schematic diagram is shown as Figure 3 . The alternating current (220V) changes to direct current (12V~24V) after transformation, rectification and filtering. The coil driving circuit is controlled by pulse generator to make the piston move forth and back, and the working frequency of the pump is also controlled by adjusting the frequency of the pulse generator. In the practical situation, considering the total power of this pump is not high, it is feasible to use a rechargeable battery as the DC source, which can make the pump workable in the wild field without 220V electric grid.
The Circuit Design of the Pulse Generator
The circuit schematic diagram of the pulse generator is shown as Figure 4 . The circuit mainly consists of comparator LM324, resistor R2, R3, R4 and capacitor C1. The reference voltage of input terminal 3 of LM324 is determined by divider resistor R1 and R2. R2 and R3 constitute positive feedback, while the integrator R4 and C1 constitute negative feedback. The value of R2 and R3 satisfy the equation
, and the frequency of square wave is determined by the equation
. The oscillation frequency can be modulated from several to hundreds of HZ by changing the value of R4 or C1. The output from terminal 1 of LM324 is symmetrical square wave. 
The Design of Coil Driving Circuit
The "H bridge" switching circuit is used as the coil driving circuit. The square wave current which is changed from direct current by the pulse circuit is input to the driving circuit from the left side. When the input signal is high level, the triodes Q1, Q3, Q6 and Q8 are switched on. The current direction in L1 is from left to right, and is opposite in L2, which drives the piston move to the right. When the input signal is low level, the triodes Q2, Q4, Q5, and Q7 are switched on, and the current directions in both coils are inversed, driving the piston move to the left. So, the piston can move forth and back in this way. The schematic diagram of the coil driving circuit is shown as Figure 5 . 
Parameter Calculation of the Magnetic Pump
The input power of the pump is UI P  Table 1 shows Parameter design and required data of variable frequency magnetic pump, it is concluded that under a certain source power, the output power of the magnetic pump can be modulated by changing the operating frequency, which can be realized by changing the oscillation frequency of the pulse generator. 
Conclusion
The minitype frequency modulated magnetic pump solves the problems of bearing abrasion and demagnetization which exist in the traditional magnetic pump. It also simplify the structure of the pump body and improve the operating efficiency. In our design, the magnetic field produced by the coils approximately uniform, and the magnetic force applied on the piston is nearly constant, so the value of the force can be calculated by measuring the output power of the magnetic pump.
